The dependences of structural and magneto-optical properties of amorphous TbFeCo films on Ar gas pressure P A and deposition rate Rd have been investigated. The film specimens were prepared Ey Facing Targets Sputtering system. When Rd was in the range of about 50 nm/min, the film deposited at P below 6 mTorr showed the magnetization perpendicular to the film plane, while tft~ one at P A of 15 mTorr revealed the in-plane magnetization. TEM micrographs showed that the film prepared at P A of 5 mTorr. and Rd of 50 nm/min exhibited a columnar structure composed densely of fine particles. In the case of this study, higher Rd up to 300 nm/min resulted in a narrower range of Tb content with which the films had strong perpendicular magnetic anisotropy enough to exhibit magnetization perpendicular to the film plane. Read/write characteristics for the MO disk were evaluated. The C/N ratio of 51.6 dB{at bit length of 1.33 ~m) and the writing power of 5.0 mW were obtained.
INTRODUCTION
Magneto-optical (MO) recording in amorphous RE-TM (rare earth-transition metal) films is of substantial interest today because of its potential as an erasable optical recording technology. The TbFeCo amorphous film is considered to be most promising candidates for magneto-optical recording media at present. Conventional DC and RF magnetron sputtering (CMS) system have been used for prepar-. ing RE-TM films, but they can not deposit uniform, dense and stable TbFeCo films without an inclusion of Ar gas at high deposition rate. It was reported that structure and many properties of sputtered films are influenced considerably by sputtering parameters, such as Ar gas pressure, negative substrate bias voltage and substrate temperature [1] - [4] . The growing films are easily damaged by the bombardment of rebounding Ar atoms, Ar ions, negative transition metal ions and the increased substrate temperature due to the bombardment of high energy y-electrons. Thus, Facing Targets sputtering (FTS) system is of interest for new film preparation technique [5] . because it can prepare several magnetic films by plasma-free sputtering at low substrate temperature and high deposition rate. It was found that using the FTS system TbFeCo films with magnetization perpendicular to the film plane were obtained at high deposition rate of 300 nm/min without damage of PMMA substrate [6] . The effects of microstructure upon magnetic and magneto-optical properties of amorphous RE-TM films have been studied [2] , [7] _ [10] . However, as for the TbFeCo film, the relationship between structure and magneto-optical properties are not clarified yet.
In this paper, the variation in the magneto-optical properties of the TbFeCo films as a function of sputtering parameters such as Ar gas pressure and deposition rate are investigated. The microstructure of the film prepared by the FTS system are presented, together with that of the film prepared by the CMS system. Furthermore, the read/write characteristics of the MO disk using the TbFeCo film are presented.
SAMPLE PREPARATION AND EXPERIMENTAL PROCEDURE
An amorphous TbFeCo film was prepared Permanent by the Facing Targets Sputtering (FTS) Plasma-Free system shown schematically in Fig. 1 at a floating potential. This holder is located at a distance D of 75 mm from the center of two targets. Consequently, this arrangement makes the bOmbardment by high energy particles such as y-e1ectrons and negative ions to the substrate almost negligible, so that the substrate temperature is not extremely elevated. Before sputtering, the vacuum chamber was evacuated by a turbo molecular pump until the residual gas pressure P B became less than 1x10-6 Torr. TbFeCo films were prepared under Ar gas pressure P A of 0.8 to 15 mTorr and deposition rate Rd of 50 nm/min. The applied vo1tages and aischarge currents were typically in the range of 300-500 V and 1.6-6.5 A, respectively depending on Rd. The TbFeCo films of about 100 nm thick were deposited on a substrate. The substrate used were Pyrex glass plate and pregrooved PMMA disk of 5.25 inch diameter. As for the MO disk, a ZnS film of 85 nm thick was sandwiched between the TbFeCo film and pregrooved PMMA disk to enhance magneto-optical Kerr effect. In this study the overcoated layer to protect surface oxidation was not introduced.
The microstructure of the TbFeCo film deposited on the PMMA substrate was investigated by transmission electron microscopy (TEM) observation and selected area electron diffraction (SAED) using JEM-2000FX (accelerated voltage 200kV, resolution 0.14 nm~. A cross-sectional specimen was prepared using an ultra-microtome equipped with a diamond knife.
The composition of Tb (Fe~OO_ Co }'OO-was determined by x-ray fluorescence analysis. Kerr rotation angle 8 K an~ K~r1' h9stresis loops (coercive .force) of the TbFeCo films were measured at the wave length of 830 nm and with a magnetic field up to 12 kOe applied normal to the film plane. Reflectivity R was also measured at the wave length of 830 nm. All measurements were carried out through the substrate.
RESULT AND DISCUSSION
(1) Magneto-optical properties (i) Effect of Ar gas pressure Fig. 2 shows the effect of Ar gas pressure P A on the magneto-optical properties of the rTbFeCo films. The films were prepared at constant input power p. of 500W by the FTS system using the sam~ntargets of Tb13(~e90Col0~R7 in area.%. The film compos~t~on ob~a~fied at var~ous P A are shown by the notation a, b, c and rd in Fig. 2 . With increasing P A ' the Tb content increases, while the rCo content remains almost constant. Since these films belong to Fe richer side, coercive force Hc increases with increasing Tb content, that is, Ar gas pressure. Fig. 3 shows the dependence of the magneto-optical properties of ~b21(Fe91C09}79 on Ar gas pressure. These f~lms are deposited at deposition rate Rd of 50 nm/. min (corresponding to P. of SOOW). with .
. e (ii) Effect of deposition rate 226 Fig. 4 shows the dependence of coercive force Hc on Tb content for various deposition rate Rd. Higher deposition rate of 300 nm/min resulted in the narrower range of Tb content with which the films have magnetization perpendicular to the film plane. The shift of compensation composition T to richer Tb content was found. The coR~~Berable variation of the Co content was not detected in these films. This suggests that such a shift of Tcomp is not due to the Co content. The reason for this is now being investigated. Fig. 5 shows the influence of deposition rate Rd on Kerr rotation angle 8k for various film compositions. 8k depends on Rd as well as Tb content. At the same composition, 8k does not change considerably in the range of Rd below 200 nm/min, while it decreases around 300 nm/min. At Rd of 300 nm/min, high Tb concentration over 18 at. % gives the magnetization perpendicular to the film plane, and the peak 8k values of 0.23 deg was obtained. The remarkable behavior of 8 k in the films deposited at 300 nm/min may be due to the variation of microstructure and magnetic anisotropy dispersion [12] that arises from the deviation of the plasma-free condition in the growing films.
(2) Reproducibility of composition
The variation of the film composition Tbx(FelOO-yCO y ) 100-x as a function of sputtering times are shown in Fig. 6 . These films are prepared under PAr of 3 mTorr and Rd of 50 nm/min. The composite target used was Tb14(Fe90ColO)86 in area %. As shown in Fig. 6 , the stable composition can be obtained within the estimated error. Table 1 . Both films, which have magnetization perpendicular to the film plane, exhibit 8k of about 0.26 deg and coercive force Hc of about 6 kOe.
TEM micrograph taken through the film plane [ Figs. 7(a) and (b) ] shows the following feature: The microstructure of the film B is composed of rod-shaped regions suxrounded by the low density network which was found in the bias sputter-deposited Gd-Co films [9] . On the other hand, the one of the film A does not show the obvious rod-shaped regions.
The SAED patterns of both films are shown in Figs. 8(a) and (b) . These patterns show that both films are amorphous. by FTS system(a) and CMS system(b).
The TEM micrograph of cross-sectional specimen of film A[ Fig. 9(a) ] reveals the clear and uniform columnar structure which composed densely of randomly oriented fine particles with a mean diameter of about 8 nrn. On the other hand, the one of the film B[ Fig. 9(b) ] tends to show the columnar structure, which is less uniform than that of the film A through the film thickness. The columnar structure observed in both films is considered to be formed by shadowing of the incident vapour atoms and the shadowing effect will be stronger when distributed vapour sources are used. In the FTS system, a plasma is confined by means of a magnetic field in a space between two targets that are facing each other, and the substrate are placed outside this space. Therefore, plasma-free sputtering can be achieved and the bombardment of y -electrons to the growing film CMS system. It appears that the plasma-free form columnar structure throughout the film is greatly reduced compared with the condition results in producing an unithickness.
(4) Read/write characteristics Under the following conditions, the TbFeCo magneto-optical disk was prepared by the FTS system and its read/write characteristics were evaluated. These characteristics are comparable to those of MO disks prepared by a CMS system. (1) In the TbFeCo films prepared by the Facing Targets Sputtering(FTS) system, the magneto-optical properties are strongly depend on Ar gas pressure and deposition rate". Higher deposition rate of 300 nm/min resulted in the narrower range of Tb content with which the films had strong perpendicular magnetic anisotropy enough to exhibit the magnetization perpendicular to the film plane. (2) The TEM micrographs of the TbFeCo films prepared by the FTS system show the uniform columnar structure composed densely of fine particles through the film thickness. (3) The read/write characteristics of the MO disk exhibit the C/N ratio of 51.6 dB ( at bit length of 1.33 ~m ) and the writing power of 5.0 mW.
